Object. Cystic vestibular schwannoma (VS) is a unique subgroup of VSs characterized by unpredictable expansion of the cyst component. Little is known, however, about the mechanism of cyst formation. In this study the authors compared neuroimaging and histological characteristics of cystic with solid VS to determine the pathogenesis of the cystic subgroup.
YST formation in VS was thought to be uncommon, because only sporadic cases were reported before the 1990s. 10, 19, 25 However, with the development of neuroimaging methods such as computed tomography and MR imaging, the reported incidence of cyst formation in VS has increased to between 5.7 and 24%. 8, 28 Recently, the accumulation of experience with radiosurgery in the treatment of VSs, and reports of abrupt expansion and even rupture of cysts after radiosurgery, has aroused concern about cystic VS. 24 Additionally, several clinical characteristics of cystic VSs have been observed that distinguish them from solid VSs. 15, 29 However, little attention has been given to this subject by neurosurgeons, especially regarding the mechanism of cyst formation. 24 In this study we retrospectively analyzed the neuroimaging and histological characteristics of 10 cases of cystic VS and compared them with 10 matched cases of solid VS to postulate the pathogenesis of cyst formation and expansion.
Clinical Material and Methods

Patient Population
Between 2000 and 2004, VS was diagnosed in 111 patients who were surgically treated at our institute. The study group was composed of two cohorts chosen from these individuals. The first cohort comprised 10 patients with cystic VS (tumors that appeared mostly cystic on MR images after careful investigation). The second cohort comprised 10 patients with solid VS who were matched by age and sex with patients in the first cohort, as a control group. To make the comparison between the two cohorts more clear, morphological transitions between both extremes of cystic and solid tumors were excluded. Patients with neurofibromatosis and those who had undergone specific treatment before surgery were also excluded from the study. A careful review of clinical records and the patients' histological analysis was conducted retrospectively.
Preoperative neuroimaging studies included MR imaging in all patients. The MR imaging studies were performed on a 1.5-tesla unit. Precontrast T 1 -weighted coronal and axial images and T 2 -weighted axial images were obtained in all patients. Contrast-enhanced T 1 -weighted images were obtained after an intravenous injection of Gd-diethylenetriamine pentaacetic acid (0.1 mg/kg body weight). The slice thickness/gap was 5 to 7 mm/0.6 to 1.9 mm, and the FOV was 9 to 21 cm, with an acquisition matrix of 256 ϫ 256. The size of each tumor was determined by x, y, and z dimensions in a computerized system. This size measurement included the dimension of the tumor parallel to the petrous bone (x), the dimension of the tumor perpendicular to the petrous bone at the internal auditory canal on an axial image (y), and the longest superoinferior dimension on a coronal image (z). Treating the tumor shape as an ellipsoid, we assessed its diameter (d) by using the following formula: d = (xyz) 1/3 . Microsurgery, via a retrosigmoid approach, was performed in all cases, and gross-total or near-total removal was achieved in nine patients in the cystic VS group and in six patients in the solid VS group. Tumors in the remaining patients were partially removed.
Histological investigation included analysis of Antoni type dominance, the proliferative index with Ki-67 used as a marker, and morphological evidence of microhemorrhage. Tumor tissues were embedded in paraffin, sliced at a thickness of 3 to 4 m, then deparaffinized and rehydrated with phosphate-buffered saline. After postfixing with sodium citrate solution, tissue slices were stained with H & E. For immunohistochemical staining, 4-m-thick tissue sections were placed on silane-coated slides, deparaffinized, and rehydrated. After antigen retrieval was performed using microwaves, and after blocking of endogenous peroxidase activity with hydrogen peroxide, goat serum (to prevent nonspecific reaction) and primary antibodies (Ki-67) were applied sequentially. The slides were then incubated in biotinylated goat anti-mouse/rabbit immunoglobulin, followed by incubation in a solution of streptavidin-biotin complex. Immunoreactivity was visualized using 3,3-diaminobenzidine. Appropriate positive control tissues were used, and primary antigen was omitted as a negative control. Two neuropathologists independently reviewed the stained tissue sections in a blinded manner.
Antoni type dominance was determined if there was an obvious predominance of Antoni Type A or B tissue after examination of all slides for an individual tumor. If there was no obvious predominance, the tumor was categorized as a mixed type. In all cases, at least 1000 nuclei were counted and the percentage of Ki-67-positive nuclei was assessed. Abnormal vessel proliferation was investigated to evaluate the evidence of microhemorrhage. Indirect evidence of microhemorrhage, such as hemosiderin deposits, hemosiderin-laden macrophages, and thrombotic vessels, was graded according to the following categories: Grade 1, no evidence of microhemorrhage found; Grade 2, observed in only one part of the tumor under high-power FOV (ϫ 400); and Grade 3, observed in more than two parts of the tumor under low-power FOV (ϫ 10).
Preoperative MR images and histological characteristics were evaluated and compared in the two groups. Statistical analyses were performed using commercially available software (version 10.5; SPSS, Inc., Chicago, IL). For analyzing predictive factors, the chi-square test and the MannWhitney test were used for parametric comparisons. Statistical significance was accepted at probability values of less than 0.05.
Results
Clinical Characteristics
The clinical characteristics of the two cohorts are summarized in Table 1 . Although the cystic VS group showed a relative tendency toward the abrupt presentation of symptoms, as shown by the atypical major symptom of short duration (mean 11.8 months) compared with the solid VS group (mean 24.8 months), the difference was not significant (p = 0.156). Each group included two patients with serviceable hearing before surgery, and no differences in the distribution of hearing deterioration were found.
Neuroimaging Investigation
The MR imaging features of the tumors are shown in Fig.  1 . In the cystic VS group, eight patients had multicystic lesions and two had a single cyst. Fluid-fluid levels were present in 60% of the tumors in the cystic VS group. Similarly, hemosiderin deposits, which were observed as a dark signal on T 2 -weighted images, were detected in 60% of tumors in the cystic VS group. All of the tumors in the cystic VS group exhibited either fluid-fluid level or hemosiderin deposits, and two demonstrated both of these features. Except for the tumor in one patient, however, no hemosiderin deposits were detected in the solid VS group.
Histological Investigation
During the operations, the observed contents of cysts consisted of xanthochromic fluid in most patients. However, the fluid content of tumors with fluid-fluid level, as seen on MR imaging, was more bloodlike and had red blood cell counts higher than 1000/mm 3 . Comparisons of Antoni type dominance and the Ki-67 proliferative index in cystic and solid VSs are shown in Table 2 . No significant differences were found between the two groups. Moreover, there was no tendency for specific Antoni type patterns in tumor tissues to be adjacent to the cyst wall. Therefore, cystic VS had no relation to Antoni type or growth potential. However, histological evidence of microhemorrhage, such as hemosiderin-laden macrophages (p = 0.069), hemosiderin deposits (p = 0.019), thrombotic vessels (p = 0.008), and abnormal vessel proliferation (p = 0.006) was significantly more prominent in cystic compared with solid VSs (Table 3 ). The histological appearance of a cystic VS is shown in Fig. 2 .
Discussion
Cystic VS has recently emerged as a subject of interest because of its unique characteristic of unpredictable expansion of the cyst component, especially after radiosurgery. 24 Moreover, several other unusual clinical features have been observed in this unique subgroup of VSs. Cystic VS is associated with atypical initial symptoms, their short duration, their sudden deterioration, clinical facial nerve involvement, large size of tumor, and unusual displacement of the facial nerve. 7, 8, 15, 29 Additionally, the prognosis after surgery is reported to be worse than that for other VSs because of the difficulty in preserving the arachnoid plane, the presence of hypervascular solid portions of the tumor, unusual cranial nerve displacement, and a greater tendency for postoperative bleeding. 11, 15, 20, 22, 29 Thus, along with the unfavorable prognosis after radiosurgery, cystic VS presents a therapeutic dilemma. 8 There have been few studies on the mechanism of cyst formation and enlargement in cystic VS; however, several hypotheses have been suggested. Charabi and colleagues 5, 6 have reported many clinical, histological, and imaging characteristics of cystic VS and have performed experimental studies on this disease, and they have suggested that the cyst results from a degeneration of tumor tissue. Their hypothesis is based on histological findings, including immunohistochemical studies showing that Antoni Type B tissue produces a myxomatous material in small cystic areas that coalesces into larger cysts and compresses the surrounding Antoni Type A tissue, thus creating membrane-like structures consisting of Antoni Type A tissue. [4] [5] [6] 8 In other studies investigators have explained the pathogenesis of cyst formation by reporting differences between the distribution of Antoni type cells and showing that cyst formation is due to the degeneration of tumor tissues. 12, 15, 18, 22 In our study we also investigated the distribution of Antoni type cells. However, we found no significant relationship between cyst formation and the distribution of Antoni cell types.
Because unpredictable, rapid enlargement of the mass is often observed in cystic VS, some authors state that cystic VS has a higher growth rate, and so intratumoral cyst formation may be indicative of an increased rate of growth. 14, 19 However, it is now commonly accepted that the growth potential of cystic VS is no different from that of solid VS, and that the enlargement is mainly due to the expansion of the cyst component. These factors have been clearly shown in many studies in which the proliferative index of cystic VS was investigated, including the present study. 5, 12, 22 Another proposal for the mechanism of cyst expansion in VS is that the extravasation of serum proteins from an impaired blood-tumor barrier, or protein secretion from tumor FIG. 1. Axial T 2 -weighted MR images (upper rows) of 10 cystic VSs and Gd-diethylenetriamine pentaacetic acid contrast-enhanced axial T 1 -weighted MR images (lower rows) of 10 solid VSs. Note that the fluid-fluid levels and hemosiderin deposits in cysts were predominantly found in the cystic group (arrows designate fluid-fluid levels; arrowheads denote hemosiderin deposits). cells, augments fluid accumulation in the cyst due to an osmotic effect that ultimately results in tumor enlargement. 16, 26 This hypothesis does not explain the origin of the cyst formation process, however, and there is no clear, objective evidence to prove the hypothesis because thick hyalinized or obliterated blood vessels are commonly found in VS.
Our results support the suggestion that repeated microhemorrhage is a possible mechanism of cyst formation in VS. Although the possibility of hemorrhage in VS is well known, and even massive intratumoral hemorrhage occurs, 2, 13, 17, 21, 23 isolated or repeated microhemorrhage as a probable mechanism for cyst formation has only been commented on occasionally in previous reports. 4, 22, 24, 25 Nevertheless, histological features of hemosiderin-laden macrophages, hemosiderin deposits, and thrombotic vessels are frequently observed in cystic VS. 4, 12, 22, 24 Asano, et al., 1 reported on three patients with VS mainly comprising cysts, in which common features such as sudden onset of symptoms, intratumoral hemorrhage observed on neuroimaging studies, abundant abnormal sinusoid or telangiectasis vessels on histological studies, small hemorrhages, hemosiderin deposits, and hemosiderin-containing phagocytes were found. Based on these observations, which agree with our results, they postulated that repeated small hemorrhages from abnormal vessels, along with subsequent intratumoral changes, are the most probable cause of the formation of cysts. Fluid-fluid level in benign neurogenic tumors observed on MR images is known to form as a result of fluid separation in unclotted blood as opposed to serous (interstitial) fluid, based on assessments of viscosity and protein content after hemorrhage or necrosis. 3 Therefore, common features of fluid-fluid levels in cystic VS demonstrated in this study may also confirm the evidence of microhemorrhage. Nevertheless, the factor that triggers the hemorrhagic tendency in VS still needs to be evaluated.
Although the mechanism is not yet fully understood, cyst expansion after radiosurgery for the treatment of cystic VS is now generally acknowledged. 9, 24 Recently, Suzuki, et al., 27 suggested that radiosurgery is a contributing factor for spontaneous intratumoral hemorrhage. They concluded that radiosurgery may cause the hemorrhages, which occur at relatively short intervals after treatment, and they proposed the following mechanisms: 1) thrombosis induced by cytokines produced by irradiated endothelial cells; 2) increase in intravascular outflow resistance due to radiation-induced venous obliteration; and 3) necrosis in the tumor and blood flow congestion in residual neoplastic tissue. Therefore, in cystic VS, radiosurgery could promote the hemorrhages that result in cyst expansion.
Conclusions
In this study we suggest that microhemorrhage is a possible mechanism for cyst formation and expansion after radiosurgery in cystic VS. However, the study is limited because the cystic VS cases included are too extreme, with almost the whole area of the tumor composed of cysts. To confirm the proposition that microhemorrhage is a possible mechanism for cyst formation, an analysis of a larger series that includes mixed types of solid and cystic VS is required.
